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SSBB3B ANTENNA USING PARASITIC EXfTTT ATION OF CONDUCTING j 
. ANTENNAS BY DIELECTRIC ANTENNAS 

The present invention relates to multi-band antenna structures and techniques for the j 

5 construction thereof, by using dielectric antennas to excite other non-dielectric : 

electrical par^ilic^stmctures; The ^electric antennas include* but are not limited to? \ 

dielectric resonator antennas (DRAs), high dielectric antennas (HDAs) and j 
dielectrically loaded antennas (DLAs), 

10 Dielectric resonator antennas are resonant antenna devices that radiate or receive j 

radio waves at a chosen frequency of transmission and reception, as used in for [ 

example in mobile telecommunications. In general, a DRA consists of a volume of a ! 

dielectric material (lie dielectric resonator) disposed on or close to a grounded f 

substrate, with energy being transferred to and from the dielectric material by way of \ 

15 monopole probes inserted into the dielectric material or by way of monopole aperture j 

feeds provided in the grounded substrate (an aperture feed is a discontinuity, I 

generally rectangular in shape, although oval, oblong, trapezoidal or butterfly/bow tie ! - 

shapes and combinations of these shapes may also be appropriate, provided in the j 

grounded substrate where this is covered by the dielectric material. The aperture feed I 

20 may be excited by a snip feed in the form of a microstrip transmission line, copianar i 

waveguide, slotline or the like which, is located on a side of the grounded substrate I 

remote from the dielectric material). Direct connection to and excitation by a | 
microstrip transmission line is also possible. Alternatively, dipole probes may be 

inserted into the dielectric material, in which case a grounded substrate is not i 

25 required By providing multiple feeds and exciting these sequentially or in various j 

combinations, a continuously or incrementally steerable beam or beams may be I 

formed, as discussed for example in the present applicant's co-pending US patent j 

application serial number US 09/431,548 and the publication by KINGSLEY, S.P, i 

and O'KEEFE, S.G., *TBeam steering and monopulse processing of probe-fed \ 

30 dielectric resonator antennas* 5 , IBB Proceedings - Radar Sonar and Navigation, 146, j 



1 
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3 121 - 125, 1999, foe full contents of which are hereby incoiporated into the present i 
application by reference. ( 

The resonant characteristics of a DRA depend, inter alia, upon the shape and size of j 

5 the volume of dielectric material and also on the shape, size and position of the feeds ! 

thereto. It is to be appreciated that in a DRA, it is the dielectric material that j 

resonates when excited by the feed. This is to be contrasted with a dielectrically ; 

loaded antenna (D1A), in which a traditional conductive radiating element is encased > 

in a dielectric material that modifies the resonance characteristics of the radiating J 

10 element. As a further distinction, aDLA has either no, or only a small, displacement ! 

current flowing in the dielectric whereas a DRA or HDA has a non-trivial j 

displacement current j 

Dielectric resonators may take various forms, a common form having a cylindrical I 
15 shape or half- or quarter-split cyUndrical shape. The resonator medium can be made | 
'from several candidate materials including ceramic dielectrics. i 

Since the first systematic study of dielectric resonator antennas (DRAs) in 1983 j 
[LONG, SA., McALLISTER, M.W., and SHEN, L.C.: "The Resonant Cylindrical j 

20 Dielectric Cavity Antenna*, IEEE Transactions on Antennas and Propagation, AF-31, j 
1983, pp 406-412], interest has grown in their radiation patterns because of their high I 
radiation efficiency, good match to most commonly used transmission lines and | 
small physical size JMONGIA, R.K. and BHARTIA, P.: "Dielectric Resonator j 
Antennas - A Review and General Design Relations for Resonant Frequency and j 

25 Bandwidth", International Journal of Microwave and Millimetre-Wave Computer- • 
Aided Engineering, 1994, 4, (3), pp 230-247]. A summary of some more recent j 
developments can be found in PETOSA, A, ITTIPIBOON, A. s ANTAR, Y.M.M, i 
ROSCOE, D., and CUHACL, M.: "Recent advances in Dielectric-Resonator Antenna 
Technology", IEEE Antennas and Propagation Magazine, 1998, 40, (3), pp 35 - 48. 
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A variety of basic shapes have been found to act as good dielectric resonator j 
structures when mounted on or close to a ground plane (grounded substrate) and ! 
excited by an appropriate method. Periiaps the best known of these geometries are: j 

5 Rectangle [McALUSTER, M.W., LONG, S.A- and CONWAY G.L.: j 

218-219]. i 

Triangle [HTIPIBOON, A., MONGIA, RK,, ANTAR, Y.MJM., BHARTTA, P. : 

10 and CXJHACL, M: "Aperture Fed Rectangular and Triangular Dielectric Resonators ; 

for tise as Magnetic E>ipole Antennas", Electronics Letters, 1993, 29, (23), pp 2001- ! 
2002]. 

Hemisphere [LEUNG, K.W.: "Simple results for confonnal-strip excited j 

15 hemispherical dielectric resonator antenna*', Electronics Letters, 2000, 36, (11)]. [. 

Cylinder [LONG, S.A., McALLISTER, M.W., and SHEN, L.C.: "The Resonant j 
Cylindrical Dielectric Cavity Antenna", IEEE Transactions on Antennas and • 
Propagation. AP-31, 1983, pp 406-412]. ! 

20 

Half-split cylinder (half a cylinder mounted vertically on a ground plane) j 
[MONGIA, R.K., rrnPIBOON, A., ANTAR, Y.M.M., BHARTTA, P. and CUHACL f 
M: "A Half-Split Cylindrical Dielectric Resonator Antenna Using Slot-Coiipling", j 
IEEE Microwave and guided Wave Letters, 1 993, Vol. 3, No. 2, pp 38-39]. j 

25 . ! 

Some of these antenna designs have also "been divided into sectors. For example, a j 
cylindrical DRA can be halved [TAM, M.T.K. and MURCH, R.D.: "Half volume j 
dielectric resonator antenna designs", Electronics Letters, 1997, 33, (23), pp 1914 - ' 
1916]. However, dividing an antenna in half, or sectoring it further, does not change -j 

30 the basic geometry from cylindrical, rectangular, etc. 
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High dielectric antennas (HDAs) are similar to DRAs, but instead of having a full | 

ground plane located under the dielectric resonator, HDAs have a smaller ground j 

plane or no ground plane at all. DRAs generally have a deep, well-defined resonant j 

frequency, whereas HDAs tend to have a less well-defined response, but operate over j 

5 a wider range of frequencies, f 

hi both DRAs and HDAs, the primazy radiator is the dielectric resonator. In DLAs j 

the primary radiator is a conductive component (e.g. a copper wire or the like) and f 

the dielectric modifies the medium in which the antenna operates, and generally J 

I 

10 makes the antenna smaller. A simple way to make a printed monopole antenna is to j 

■ 

extend a microstrip into a region where there is no grounded substrate on the other [ 

side of the board, I 



i 



It is known that one dielectric resonator antenna can excite another one parasitically. I 

15 Indeed, the effects of parasitic dielectric resonator antennas on a cylindrical dielectric j 

resonator antenna were studied as early as 1993 [Simons, R-; Lee, R.; "Effect of [ 

parasitic dielectric resonators on CPW/aperture-coupled dielectric resonator j 

antennas", IEE proceedings-H* 140, pp. 336-338, 1993]. A similar study for a j 

parasitic three-element array of rectangular dielectric resonator antennas was reported } 

20 in 1996 [Fan, Z.\ Antar, Y>; Ittipiboon, A.; Petosa, A-; W <c Parasiiic coplanar three \ 

element dielectric resonator antenna subarray*\ Electronics Letters, 32, pp. 789-790, j 

1996]. 1 

It is also known that a dielectric resonator antenna with one probe feed can have j 

25 another feed excited parasitdcally, i.e. the second feed is not driven by the electronic f 

circuitry [Long, R.; Doixis, Long, S.; Khayat, M,; Williams, J.; "Use of Parasitic j 

Strip to produce circular polarisation and increased Bandwidth for cylindrical j 

Dielectric Resonator Antenna", Electronics Letters,, 37, pp. 406-408, 2001'J. j 
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There appear to be no reports in the literature, however, of dielectric antennas being ! 
used to excite conventional antennas such as patches, PELAs (planar inverted-L ; 
. antennas), cSpoles, slot antennas, etc, : 

5 According to the present invention, there is provided an integrated antenna device j 

comprisms ;ar fcs^— dielectric antenna - ^ corapqnCTtt and a secondr electrically- ; 

conductive antenna component, wherein the first and second components are not j 

electrically connected to each other but axe mutually arranged such that the second : 

component is parasitically driven by the first component when the first component is j 

10 fed with a predetermined signal. , ! 

For the avoidance of doubt, the expression "electrically-conductive antenna : 

components 119 defines a traditional antenna component such as a patch antenna, slot ! 

antenna, monopole antenna, dipole antenna, planar inverted-L antenna (PILA) or any ! 

15 other antenna component that is not a DRA, HDA or DLA. ! 

Additionally, for the purposes of the present application, the expression "dielectric 
antenna* 1 is hereby defined as encompassing DRAs, HDAs and DLAs. 

20 Embodiments of the present invention thus relate to the use of DRAs, HDAs and ; 

DLAs as primary radiating structures to excite parasitically more conventional 1 

conducting antennas which serve as secondary radiating structures. Furthermore, j 

embodiments of the present invention relate to the use of a DRA, HDA or DLA as a \ 

primary radiating structure comprised as a piece or pellet of high dielectric constant j 

25 ceramic material excited by some form of feed structure on a printed circuit board ; 

(PCB) substrate or the like. The secondary, parasitic radiating structure has no feed i 

and is driven by mutual coupling with the DRA, HDA or DLA and maybe of a more j 
conventional design made from copper or other conducting materials. 



5 
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Advantageously, the first and second components are configured to radiate at j 
different frequencies, thus providing at least a dual band integrated antenna device, j 
and in some embodiments a four band integrated antenna device. 

5 The first, driven antenna component may advantageously be configured as a j 

dielectric antenna comprising a dielectric pellet mounted on a first side of a dielectric j 

substrate, a microstrip feed located on the first side of the substrate and extending j 

between the substrate and the dielectric pellet or contacting a side wall thereof, and a ; 

conductive layer formed on a second side of the substrate opposed to the first, j 

10 wherein an aperture is formed in the conductive layer or the conductive layer is [ 

removed from the second side of the substrate at a location corresponding to that of I 
the dielectric pellet. 

Alternatively, the first, driven antenna component may be configured as a dielectric j 

1 5 antenna comprising a microstrip feed located on a first side of a dielectric substrate, a j 

conductive layer formed on a second side of the substrate opposed to the first and ! 

having an aperture formed therein, wherein a dielectric pellet is mounted on a second j 

side of the substrate within or at least overlapping the aperture. j 

20 In these embodiments, the driven antenna component is an HDA. ] 

The dielectric substrate may be a printed circuit board (PCB) substrate. ; 

Dielectric antennas of these types are more fully described in (he present applicant's j 

25 copending UK patent application no 0218820,9 of 14 th August 2002, the foil j 

disclosure of which is hereby incorporated into the present application by reference, a ! 
copy of the earlier application being filed with the present application. 

The second, parasitic antenna component may be located adjacent the first, driven ; 
30 antenna component on the dielectric substrate, or may extend over a top surface of ! 
the first antenna component j 

6 j 
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The second, parasitic antenna component may be dielectrically loaded, for example 
with a pellet of low Er dielectric material 



5 In a particularly preferred embodiment, the first antenna component comprises a j 
dtelectrk antenna as ^ 

component comprises a parasitic non-dielectric PILA configured to radiate at a j 

higher or lower frequency than the first antenna component. j 

i 

10 Integrated antenna devices of the present invention are particularly suited to mobile ! 
telephony and data terminal (e.g. WLAN or Bluetooth®) applications. i 

i 
i 

The first antenna component is preferably configured to radiate such that it covers a j 
high band frequency range (e.g. 1710 to 2170 MHz). j 
15 ' | 

The second antenna component is preferably configured to radiate such that it covers j 
a low band frequency range or ranges (e.g. 824 to 960 MHz). j 



It will be appreciated, however, that the first antenna component may cover a low j 
20 band frequency range and the second antenna component may cover a high band j 
frequency range. In this way, the smaller size of the second parasitic antenna j 
component may allow the use of more than one with each dielectric antenna j 
component, thereby allowing more bands to be covered by the parasitic antenna j 
components. j 
25 | 
In some embodiments, a sidewall of the dielectric pellet (e.g. a surface of the pellet 
generally perpendicular to the plane of the dielectric substrate) may be metallised 
(e.g. by coating with a metal paint or the like). 



30 In embodiments specifically using a DRA as the first antenna component (Le. with a j 
conductive groundplane under the pellet), the dielectric pellet will generally need to j 



^^^^^^^^^ 
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be formed in a predetermined shape or configuration so as to resonate in a desired 
mode and/or at a desired frequency* The relationship between shape and 
configuration of a dielectric pellet and its resonance response in a DRA are well- 
known to those of ordinary skill in the art 

5 

In embodiments specifically using an HDA as the first antenna component (i.e. with 
no or only some conductive groundplme under the pellet), almost any shape of pellet 
maybe used, since the frequency response is much less well defined. 

10 An alternative to the parasitic arrangement discussed above is to have two feed 
networks, one driving a PIFA (planar inverted-F antenna), for example, and the other 
driving the dielectric antenna, A feed, combination can then be used to provide a 
single feed point for the anteaona arrangement. However, feed combining is a lossy 
process and involves microstrip tracks occupying a significant additional board area. 

15 

For a better understanding of the present invention and to show how it may be earned 
into effect, reference shall now be made by way of example to the accompanying 
drawings, in which: 

20 FIGURE I shows a driven dielectric antenna provided with a parasitic PBLA; 

FIGURE 2 shows a broadband dielectric antenna mounted in a corner of a PCB with 
a parasitic PILA passing over a top of the dielectric antenna; 

25 FIGURE 3 shows a dielectric antenna mounted in a corner of a PCB with a parasitic 
PILA adjacent thereto but not passing over the dielectric antenna; 

FIGURE 4 shows a practical hybrid antenna design shaped to fit inside a modem 
mobile telephone handset casing; 

30 
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FIGURE 5 shows an oblong dielectric antenna mounted on a PCB with a parasitic * 
PILA passing thereover; 

FIGURES 6(a) and 6(b) show an underside of the PCB of Figure 5 with part of a ; 
5 groimdplane removed from a corner portion thereof; 

FIGURE 7 shows a dual band WLAN antenna comprising a driven dielectric antenna ; 

and a parasitic PELA mounted adjacent thereto; and ) 

10 FIGURE 8 shows an Su return loss plot of the antenna of Figure 7. 

Figure 1 shows a general example of an oblong dielectric ceramics pellet 1 with an j 

upper surface 2 and a lower surface 3, the lower surface 3 being contacted by a direct 1 

microstrip feedline 4, which may be made of copper or the like* A PILA 5, which is ; 

15 made of an electrically-conductive material (e.g. copper), is arranged so as to pass ! 

over the upper surface 2 of the pellet 1. The PILA 5 is not electrically connected to j 

the pellet 1 or the feedline 4, but instead is excited parasitically when the pellet 1 is ; 

caused to radiate when fed with a signal by the feedline 4, The PILA 4 radiates at a \ 

different frequency to the pellet 1 , and thus a dual band hybrid antenna is formed. ! 

20 

Figure 2 shows a first particularly preferred embodiment of the present invention ; 

comprising a triangular dielectrics ceramic pellet 1 mounted in a comer of a PCB j 

substrate 6. The PCB substrate 6 may be a PCB of a mobile telephone handset (not j 

shown), and may be provided with a conductive groimdplane 7 on a surface opposed J 

25 to that on which the pellet 1 is mounted. The pellet 1 is excited by a direct microstrip ■ 

feedline 4 that is formed on the surface of the substrate 6 and contacts the pellet 1, [ 

either on a side surface thereof or an underside thereofl A connector 8 is provided for : 

connecting the feedline 4 to a signal source. The dielectric antenna component of ] 

this embodiment may be a broadband dielectric antenna (e.g» an HDA). A PILA 9 is • 

30 also provided, the PILA 9 being supported by a shorting bar 10 which electrically ' 

connects the PILA 9 to the groimdplane 7 and holds the PILA 9 in position over the I 

9 * 
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top surface 2 of fhc pellet 1- It is to be noted that the PILA 9 is shaped and j 
configured so as to make maximum use of a width, of the PCB substrate 6. 

The hybrid antenna of Figure 2 may be configured as a four-band handset antenna by j 

5 using a broadband high dielectric antenna in the cGnier of the PCB substrate 6 to S 

radiate over the ISOO GSM, 1900 GSM and WCDMA bands.(1710-2170 MHz). The | 

PILA 9 may be configured as a 900 MHz GSM band (880-960 MHz) PILA that I 
passes over the top of the pellet 1 and is parasitically excited thereby. 

10 Figure 3 shows a second particularly preferred embodiment of the present invention* ! 

similar to that of Figure 2, but distinguished in that the PILA 9 does not pass over the I 

top of the pellet 1. but stops short thereo£ An optional capacitive loading flap 11 | 

may provided by folding down an edge portion of the PILA 9 parallel to a diagonal ! 

edge 12 of tibe pellet 1 . The flap 11, where provided, helps to lower a frequency of j 

15 operation of the PILA 9 and to compensate for the smaller area of the substrate 6 that j 

is used. The configuration of the second preferred embodiment allows the PILA 9 j 

may be mounted closer to the PCB substrate 6 and thereby helps to provide an j 

antenna with a lower overall height (measured perpendicular to the substrate 6). ! 

20 The hybrid antenna of Figure 3 may also be configured as a four-band handset j 

antenna by using a broadband HDA to cover the wideband* as in the first preferred ! 

embodiment, and to excite a 900 MHz GSM band PILA 9 that does not pass over the j 

top surface 2 of the pellet 1. j 

25 Figure 4 shows a third prefeired embodiment of the present invention corresponding j 

generally to that of Figure 3, but with a corner portion of the pellet 1 > a comer portion ! 

of the PILA 9 and comer portions of the substrate 6 provided with a curved shape so j 

as to conform io a shape of a modem mobile telephone handset casing (not shown). ! 

hi addition, the PILA 9 is shown without a capacitive loading flap 1 1. j 

30 ," 
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Figure 5 shows a fourth preferred embodiment of the present invention comprising an ! 

oblong dielectric pellet 1 • mounted diagonally on the PCB substrate 6 and extending j 

Scorn a central part thereof into a comer thereof A conductive groundplane 7 is ' 

provided on a surface of the substrate 6 opposed to that on which the pellet 1 is j 

5 located, A PILA 9 of the type shown in Figure 3 is provided and passes over ffae I 
pellet -1 \ This embodtoCTt-uses-less ceramic dielectric material in the pellet 1 9 than- ! 
the embodiments of Figures 2 to 4, and therefore weighs less. 

Figures 6(a) and 6(b) show alternative configurations of the embodiment of Figure 5 j 

10 from underneath the PCB substrate 6. In Figures 6(a) and 6(b), a portion 13 of the I 

groundplane 7 has been removed in a region corresponding generally to a location of j 

the pellet 1' on the other side of the substrate 6- The removed portion 13 of the j 

groundplane 7 may have a pointed or curved shape as shown, or may be removed : 

along a diagonal or have any other appropriate shape. By removing an area 13 of the j 

15 groundplane 7 under the pellet 1\ the bandwidth can be adjusted to as to suit the ; ' 

number of bands that are to be serviced by the antenna. The efficiency of the antenna • 
may also be adjusted in this manner. 

Figure 7 shows a fifth preferred embodiment of the present invention comprising a : 

20 dual band Wireless LAN antenna designed to operate in the 1 

Bluetooth/WIAN802.t lb band (2.4 - 2.5 GHz) and the WIAN802.11a bands (4.9 - ! 

5-9 GHz). Hie WLAN antenna consists of a driven dielectric antenna comprising an j 

. oblong high Er dielectric ceramics pellet 1 ** mounted on a direct microstrip feedline I 

4 printed on one side of a PCB substrate 6. A parasitic PILA 9 is provided adjacent j 

25 fee pellet 1", the PILA 9 being further provided with a low E r dielectric loading S 

pellet 14 which also contacts the feedline 4. The dielectric pellet T * radiates in the i 

upper band and the PILA 9 radiates in the lower band. The combination results in a j 

device having a single feed point but with the dusl band performance shewn in the j 

Si i return loss plot of Figure 8. 
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In alternative preferred embodiments (not shown), there may be provided a hybrid ( 

antenna as generally as described above in relation to Figures 1 to 8, but in which the i 

driven dielectric antenna component radiates at a lower frequency and the parasitic • 

element radiates at a higher frequency. Hie smaller size of the higher frequency | 

5 parasitic antenna component may allow the use of more than one parasitic antenna j 

component and thus may achieve coverage of further bands. \ 

i 

The preferred features of the invention are applicable to all aspects of £he invention ! 

and may be used in any possible combination. j 

10 ! 

Throughout the description and claims of this specification, the words "comprise" j 

and "contain" and variations of the words, for example "comprising" and J 

"comprises", mean "including but not limited to", and are not intended to (and do j 

not) exclude other components, integers, moieties, additives or steps. ; 
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CLAIMS: 

1. An integrated antenna device comprising a first, dielectric antenna component 
and a second, electrically-conductive antenna component, wherein the first and 
5 second components are not electrically connected to each other but are mutuaKy 
-arranged such that the second component is - parasitically driven by the first 
component when the first component is fed with a predetermined signal. 

2„ A device as claimed in claim 1, wherein the first antenna component 
10 comprises a dielectric resonator antenna formed as a dielectric pellet mounted on a 
first side of a dielectric substrate and provided with a feeding mechanism, a second, 
opposed side of the dielectric substrate being provided with a conductive 
groundplane covering at least an area corresponding to an area on the first side 
occupied by the pellet 

15 

3. A device as claimed in claim 1, wherein the first antenna component 
comprises a high dielectric antenna formed as a dielectric pellet mounted on a first 
side of a dielectric substrate and provided with a feeding mechanism, 

20 4. A device as claimed in claim \ % wherein the first smteima component 
comprises a dielectrically loaded antenna. 

5. A device as claimed in any preceding claim, wherein the second antenna 
component is a patch antenna, siot antenna, monopole antenna, dipole antenna or 

25 planar inverted-L antenna. 

6. A device as claimed m any preceding claim, wherein the first and second 
antenna components are configured to radiate at different fi^quenoies. 

30 7, A device as claimed in claim 3 or any claim depending from claim 3, wherein 
the first antenna component comprises a dielectric pellet mounted on the first side of 
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i 

a dielectric substrate, a microstrip feed located on the first side of the substrate and i 
extending between the substrate and the dielectric pellet, and a conductive layer j 
formed on a second side of the substrate opposed to the first, wherein an aperture is : 
formed in the conductive layer or the conductive layer is removed from the second ; 
5 side of the substrate at a location corresponding to that of the dielectric pellet ! 

8. A device as claimed in claim 3 or any claim depending from claim 3, wherein ! 
the first antenna component comprises a dielectric antenna comprising a microstrip j 
feed located on a first side of a dielectric substrate, a conductive layer formed on a | 

10 second side of the substrate opposed to the first and having an aperture formed j 
thereby wherein a dielectric pellet is mounted on a second side of the substrate within ; 
or at least overlapping the aperture. j 

9. A device as claimed in any preceding claim, wherein the second antenna \ 
15 component is located adjacent the first antenna component ' 

10. A device as claimed in any preceding claim, wherein the second antenna j 
extends over a top surface of the first antenna component. i 

20 11. A device as claimed in claim 6 or any claim depending therefrom, wherein j 
the first antenna component is adapted to radiate at a frequency lower than the second j 
antenna component. i 

12. A device as claimed in claim 6 or any claim depending therefrom, wherein | 
25 the first antenna component is adapted to radiate at a frequency higher than the j 
second antenna component j 

13. An integrated snterma device substantially as hereinbefore described with j 
reference to or as shown in the accompanying drawings. ! 
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ABSTRACT 

HYBRID ANTENNA USING PARASITIC EXCITATION OF CONDUCTING 
ANTENNAS BY DIELECTRIC ANTENNAS 



An integrated^ antenaa device comprising a_ first; dielectric -antenna component and a | 

second, electrically-conductive antenna component, wherein the first and second j 

components are not electrically connected to each other but are mutually arranged ( 

such that the second component is parasitically driven by fee first component when \ 

10 the first component is fed with a predetermined signal. j 
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Figure 1 . A general example of how a non-driven PILA can be excited and made to 
radiate by a dielectric antenna driven and radiating at a different frequency. 




Figure 2. Broadband dielectric antenna in the coiner of a handset PCB exciting a 900 
MHz GSM band PILA that passes over the top of it. The PILA makes maximum use 
of the board area available. 




over the top of it. 



•It). JUff. l.&:92 HAKKIWN WLWMKl' l"W- MX Wl Y. Tl 




Figure 4. Practical hybrid antenna design shaped to fit into modern handset casings. 




Figure 5. An alternative design using less ceramic material than in the designs shown 
in figures 2-4 above, and therefore weighing leB8. 
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Figure 6. The groundpiane may be removed diagonally across the comer or in other 
shapes as in (a) and (b) above. There are design advantages to modifying the shape 
including (he bandwidth and efficiency performance. 
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Figure 7 Dual band WLAN antenna covering the 802*1 la&b bands using a driven 
dielectric antenna and a parasitic PEA 
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Figure 8. Hie St i return loss plot of the antenna shown in figure 7, 
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